Introduction
DCs initiate adaptive immune responses by priming antigen-specific T cells in secondary lymphoid organs. After sampling antigens in peripheral tissues, DCs migrate to lymph nodes (LNs) where they present antigenic peptides bound to major histocompatibility (MHC) molecules (1) . Epidermal LCs have long been regarded as prototypic DCs, highly active in antigen uptake and rapidly acquiring potent costimulatory capacity after in vitro culture (2) . Recently, the immunogenicity of LCs has been questioned on the basis of findings in several in vivo experimental models.
During herpes viral infection of the skin, migrated LCs isolated from draining LN (dLN) were unable to induce proliferation of virus-specific CD8 T cells in vitro (3) . In LC ablation models, positive (4, 5) , negative (6) (7) (8) and redundant (9) contributions of LCs to contact hypersensitivity responses were reported. The current lack of consensus regarding LC function may relate, at least in part, to the difficulties in determining the contribution of a relatively small number of LCs to responses driven primarily by non-LC DC subsets in cutaneous LN (cLN).
Here we directly tested the in vivo function of LCs, using a previously described bone marrow (BM) chimeric mouse model in which only LCs can present specific antigen to CD4 T cells (10) . In this model, all DC subsets express MHCII-IA molecules but only LCs express MHCII-IE, which is absolutely required to present moth cytochrome C peptide (pMCC) to 5C.C7 T cell receptor transgenic T cells (11, 12) .
The response of adoptively transferred 5C.C7 CD4 T cells can thus be used as a readout for LC function. We compared 5C.C7 T cell responses to LCs with those in chimeras expressing IE on non-epidermal DCs or all DC subsets, immunizing with peptide or protein antigens delivered via multiple routes and with diverse adjuvants.
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Our results show that LCs displayed tolerogenic function under all conditions examined and maintained a tolerogenic NF-κB signature by failing to translocate RelB to the nucleus (13) even when highly activated.
Results

Restriction of MHCII-IE expression to LCs. BM chimeras in which IE expression
is confined to LCs have been extensively characterised previously (10) 1A and B, Fig. S1A and B, (10) (Fig. 2) . Despite similar recruitment of T cells into division ( Fig.   S2B ), an 8.6-fold higher peak in T cell numbers was observed in control as compared to LC chimeras, and cells survived long-term only in control chimeras ( Fig. 2A 
S3A-D).
The difference between T cell survival in LC and control chimeras could not be explained by disappearance of IE + DCs in LC chimeras, since the number of IE + mLCs and m-DDCs in dLNs of LC and control chimeras, respectively, were similar over the course of the response (Fig. S4) , consistent with local maintenance of LC homeostasis (15) .
To test for antigen-specific memory 60 days ( Fig. 2F ) and 90 days ( expression from day 2 onwards (Fig. S6A and B). We therefore tested whether ligation of CD40 could convert LCs to an immunogenic phenotype as had been described previously for other tolerogenic DC subsets (18) . LC chimeras were treated with agonistic anti-CD40 antibodies on days 0 and 2 after s.c. immunization.
However, even the combined pMCC/CFA/anti-CD40 treatment did not support the generation of CD4 T cell memory in LC chimeras (Fig. S6C ).
Considering that the failure of m-LCs to upregulate CD80/86 expression after s.c.
injection may have indicated inadequate exposure to adjuvant, we switched to an epicutaneous immunization approach in which LCs were directly exposed to protein antigen/adjuvant via topical application in aqueous cream (19) . We did not use tapestripping, which may disturb the integrity of the epidermis (20) . (Fig. 3G ).
LC-driven responses in wild-
The number of effector cells was also markedly reduced (down 61-fold for IL-17-, 5.9-fold for IFNγ-and 7.7-fold for IL-2-producing cells, Fig. 3H ). In a second experiment comparing epicutaneous immunization of wild-type hosts versus LC chimeras, the day 7 response of 5C.C7 cells in LC chimeras was over 80% of that in wild-type hosts, indicating that presentation of free antigen by resident LN DCs in wild-type mice is unlikely to account for more than a small proportion of the response. Thus the effect of epicutaneous immunization in wild-type mice mirrored that seen in LC chimeras, confirming that LCs subserve a tolerogenic function in normal animals. Fig. 3I and S7 ). Thus the activation and nuclear translocation of RelB appeared to be a reliable correlate of DC immunogenicity in vivo.
Activated LCs fail to translocate
Visualizing activation and migration of LCs. In addition to differential activation of RelB, LCs and DDCs show consistent differences in their migratory behaviour, with migrating LCs slower in reaching dLN than DDCs (9, 10). We used intravital microscopy to monitor the behaviour of LCs over the first 4 days of the epicutaneous response (Fig. S8) . In the steady state, LCs were sessile (mean velocity <1um/min), with their dendrites remaining almost completely immobile as described previously (Fig. S9A) . When the hosts were treated with cream/adjuvant but administration of antigen was delayed until the day after 5C.C7 T cell transfer, significantly more proliferation was observed, but no effector cytokines were detected (Fig. S9B) . Thus primary antigen presentation by pre-activated m-LCs still failed to drive effector/memory differentiation in naive CD4
T cells.
Discussion
Pre-commitment of DC subsets to specialized functions has gained acceptance with the demonstration that the ability to cross-present is restricted to CD8 + cDCs and (Fig. S2C) , which have the most stringent requirements for cognate MHCII contact (30) . We also demonstrated identical kinetics of deletional tolerance in fully reconstituted LC and control chimeras (Fig. S2D) , to exclude quantitative differences in antigen presentation as a cause of differential cell fate in our chimeras. Stromal effects were excluded by showing that LN stroma could not present IE-restricted antigen to CD4 T cells (Fig. S1C ). This is in sharp contrast to recently reported results for CD8 T cells, which can survive by means of contact with MHCI expressed by either hematopoietic or stromal compartments (31) , and can be rendered tolerant by specific antigen presented by radioresistant LN stroma (32) .
LC-dependent presentation of antigen could potently suppress generation of IL-17
and IFNγ-secreting effector cells in combined chimeras in which the ratio of antigenpresenting m-LCs to m-DDCs was made artificially high in order to provide an unequivocal result (Fig. 4) . In unmanipulated mice in which the ratio of m-LCs to mDDCs in cLN is 1:3 rather than 1:1, the effect of LCs would be smaller, which may explain the lack of effect in some (9, 33, 34), but not all (7, 8, 35) , models of contact sensitivity. The ability of LCs to suppress the response to antigen presentation by other DC subsets argues against the possibility that tolerance in our models is a default response to presentation of free antigen without active involvement of migrated skin DCs.
Understanding the in vivo function of LCs may provide clues to how DCs can mediate tolerance to TLR-expressing commensal organisms colonising epithelial surfaces such as skin and bowel, while priming a strong immune response to pathogens. We propose that LCs mediate tolerance to skin commensals under steadystate conditions when the structural integrity of the basement membrane that usually provides an epidermal/dermal barrier is intact. In contrast, invading pathogens that breach the barrier will generate a strong response overwhelmingly mediated by rapidly migrating DDCs, while minor disturbances will be subject to a combination of immunogenic DDC signals and LC modulation of effector function but not memory generation. 
